An increased yield of the crude material with antibacterial and antifungal activity produced by Passiflora species was obtained by aerated bathing of cut rinds of banana passion fruit in water in rotating cylindrical bottles. The crude material was separated into several fractions by thin-layer chromatography with the use of silica gel and ethyl acetate-chloroform (2: 1). The fractions showing ultraviolet absorption maxima in the vicinity of 340, 358, and 375 to 377 nm were biologically active. The data indicate that the active material, here called "Passicol" for the first time, has characteristics of the polyacetylenic group of compounds. The activity can be preserved for a long time when crude material is stored in organic solvent in the dark at 6 C. Gentle bathing of the cut rinds of Passiflora in water in the presence of air and ethylene stimulated the formation of the active principle.
An increased yield of the crude material with antibacterial and antifungal activity produced by Passiflora species was obtained by aerated bathing of cut rinds of banana passion fruit in water in rotating cylindrical bottles. The crude material was separated into several fractions by thin-layer chromatography with the use of silica gel and ethyl acetate-chloroform (2: 1) . The fractions showing ultraviolet absorption maxima in the vicinity of 340, 358 , and 375 to 377 nm were biologically active. The data indicate that the active material, here called "Passicol" for the first time, has characteristics of the polyacetylenic group of compounds. The activity can be preserved for a long time when crude material is stored in organic solvent in the dark at 6 C. Gentle bathing of the cut rinds of Passiflora in water in the presence of air and ethylene stimulated the formation of the active principle.
As reported previously by Nicolls (8) , the antifungal activity found in Passiflora species is constantly produced when the living tissue is wounded. For further investigation of the biological activity of the active principle produced by Passiflora, and possible physicochemical investigations, it was necessary to produce the active compound in greater quantity and higher concentration than in the initial work.
For convenience of description, the name "Passicol" has been given here for the first time to the active substance. 24 hr by removing the diffusate and replacing it with an equal volume of fresh distilled water. The operation was continued for 14 to 16 days. The filtered (cotton gauze) diffusate was acidified with 12 N H2SO4 to a pH of 1 to 1.5 and was extracted with 0.35 volume of ethyl acetate by stirring for 5 to 10 min; it was then separated in a separating funnel and finally centrifuged. The organic extract was dried with anhydrous sodium sulfate and stored in the dark at 6 C. The pooled organic extract was concentrated on a rotating flask evaporator to about 2.5% of the original volume. When stored in the dark at 6 C, the crude concentrate has retained its activity for over 2 years.
MATERIALS AND METHODS
As a pilot investigation of the possibility of readily increasing the scale of production, a glass column containing loosely packed cut rinds of P. mollissima was set up, and distilled water was percolated through the rinds at a rate sufficient to keep them bathed in fluid. The emerging fluid (total volume in the same ratio to rind weight was as used for the roller apparatus) was continuously recirculated. The level of activity detected in the resultant extract was satisfactory, but was inferior to the yield from the roller apparatus. Precise conditions for optimal yields by this percolation method were not pursued.
Spectrophotometric assay. The ultraviolet (UV) spectrum of the ethyl acetate extract from the diffusate exhibited several maxima, and absorbance in these regions was in direct proportion to the biological activity of the extract. The peak at 375 nm was selected for measuring the activity by spectropho-L05 106 BIRNER AND NICOLLS tometry, and the method for assay has been established as follows.
A 5-ml amount of diffusate is pipetted into a suitable centrifuge tube and acidified with 0.2 ml of 12 N H2SO4 followed by 3.5 ml of ethyl acetate. The tube is shaken vigorously for 30 sec, and is then centrifuged for 5 min. The organic supernatant fluid, diluted as required with ethyl acetate, is used for UV absorption measurement at 375 nm in a 10-mm cell, against an ethyl acetate blank. The method provides a rapid determination of the concentration of the active components at different stages during preparation or storage. In earlier experiments, UV absorption of the maximal absorbing peak at 340 nm was used to measure the concentration of Passicol, but, as indicated in the Results section, this was not necessarily indicative of activity.
RESULTS
Extraction efficiency. The active diffusate from banana passion fruit was extracted with 0.7 volume of ethyl acetate at acidic pH, and spectra of the diffusate, ethyl acetate extract, and mother liquor were recorded.
The original diffusate had UV absorption maxima in the vicinity of 320 and 340 nm and smaller peaks in the vicinity of 360 and 375 nm. The ethyl acetate extract had maxima at the same wavelengths, indicating that the extraction was satisfactory. The UV spectra of all of the above solutions are shown in Fig. 1 .
Thin-layer chromatographic separation of the crude extract. The crude material which was obtained by concentration of ethyl acetate extract on the rotating flask evaporator had an activity equal to 200.0 at 340 nm and 130.0 at 375 nm with the use of a 10-mm cell.
Chromatography of 120 gliters of this extract was carried out on a silica plate, 10 by 20 cm.
Thin-layer chromatography was applied by use of silica plates (Silica nach Merck) and ethyl acetate-chloroform (2: 1) as developing solvent. By this method, the material was separated into five colored bands, fluorescent under UV light (Mineralight Short Wave 2537), as indicated in Fig. 2 .
The plate was divided into nine sections numbered from the solvent front. Fractions 1, 2, 3, 5, and 9 were visible under UV light, and fractions 4, 6, 7, and 8 were not visible. In high concentration, some of the former group of fractions were visible under room light. Each section was scraped off and eluted in 5 ml of methanol; the UV spectrum was then recorded.
Fractions 1, 2, 7, 8, and 9 did not have any characteristic UV spectrum, and also were biologically inactive. Fraction 4 showed maxima at 270 and 285 nm, and fraction 6 had maxima at 318 and 335 nm; both were also biologically inactive. Fraction 3, which had an RF value of about 0.81 to 0.83 and was strongly fluorescent under UV light, showed absorption maxima at about 340, 358, and 377 nm. Fraction 5, which showed the strongest yellow coloration, had a nearly identical UV spectrum. Both fractions were biologically active, but fraction 5, which had the highest UV absorption, also had the highest biological activity. The UV spectra of methanol solutions of fractions 3, 4, 5, and 6 are shown in Fig. 3 The methanol solvent was removed, and the residue was taken up in 1 ml of a 1: 1 mixture of acetone and 1%, pH 7 phosphate buffer solution. This solution was used for biological assay with Cladosporium herbarum as a test organism and the Heatley cup-plate bioassay method. The agar plates containing the mould culture were kept at 25 C for 24 to 36 hr, and inhibition zones were measured ( Table 1) .
The active fractions from the thin-layer chromatography plate, i.e., fractions 3 and 5, were rechromatographed with the use of the same system. Fraction 3 appeared again as a single component at the same RF as in the first chromatogram, but fraction 5 appeared at a much lower RF value than initially and was separated into three components, one staying at the point of application and the other two appearing at higher positions close to each other. The spots, fluorescent under UV light (Fig. 4) , were eluted in methanol and spectra were recorded. The first spot (5/1) was usually small, and the third from the top (5/3) had no UV characteristics and no biological activity. The second (5/2), usually bigger, was biologically active and showed maxima at 340, 358, and 375 to 377 nm (Fig. 5) . In repeated rechromatography, the active fraction (5/2) was continuously decomposed, to form the inactive fractions 5/1 and 5/3.
As the crude extract exhibits maximal absorption at 340 nm, this wavelength was initially chosen for measuring the optical density, in relation to the biological activity of the ethyl acetate extract and aqueous solutions. As can be seen from all separations by thin-layer chromatography and from the UV spectra of the separated fractions, the biologically active component exhibited maxima at 340, 358, and 375 to 377 nm. However, the 340-nm peak was small when compared with the following two, and consequently it was decided to measure the optical density at 375 nm as corresponding to biological activity. This wavelength was subsequently adopted for measurement of crude material also. (Fig. 6 ). vegetative tissue of P. caerulea (passion flower) and P. exoniensis have similar biological activity; limited UV studies of these compounds have been made (8) . We have here described detailed UV absorption studies on extracts from P. mollissima fruit rind, and on the biologically active material, Passicol, found in those extracts.
The multiple maxima of the UV absorption curves of purified fractions, the instability of the active components, and the positive KMnO4 test seem to indicate that Passicol belongs to the polyacetylenic group of compounds. This deduction is also supported by the experiment involving the introduction of ethylene during bathing of cut rinds of P. mollissima, which resulted in an increased yield of Passicol. No success has been achieved so far in separating and purifying the compounds in sufficient quantity for chemical identification of the fractions. This appears to be the first record of polyacetylenes in the Passifloraceae. Literature reviews show that a wealth of acetylenic and polyacetylenic compounds are present in some families of higher plants and higher fungi, and that some of them exhibit antibiotic activity (2, 5, 11) . This activity is discussed further in the accompanying publication (9) .
Bu'Lock (2), in reviewing the polyacetylenes, found that surprisingly little is known of their plant physiology. Investigations with the higher fungus Polyporus anthracophilus (3) showed that its polyacetylenes were in a dynamic state, their synthesis de novo accompanying their disappearance. The dry rot fungus Merulius lacrymans (4) produced about 30 mg of poly-PREPARATIONS OF PASSICOL 109 acetylenes per liter of culture fluid when grown on corn steep liquor, and the concentration of polyacetylenes was maximal 50 days after inoculation.
Van Fleet (12) suggested that the extreme antibiotic and pathogen-blocking action of polyacetylenes is an apparent reason for their production and their survival value to the plants in the evolutionary scale. Plants from families not recognized as containing polyacetylenes were found to produce polyacetylenes under adventive conditions of wounding.
Jansen and Wallace (6) stated that acetylene is known to produce some of the same physiological effects of plants and fruit as does ethylene, but much higher concentrations are required. There is some confusion as to the biogenesis and metabolism of ethylene, but it is known that increased production occurs after injury. For example, McGlasson and Pratt (7), working with cantaloupe fruit tissue, found that ethylene production by tissue slices was at least 10 times that by intact fruit. Ethylene has also attracted much attention in recent years because of its growth-regulating properties (10) .
As mentioned previously, the biologically active compound Passicol is stable for a long time in organic solvent in the cold and in the dark. One of the first samples has maintained initial activity for 2.5 years under these conditions. The instability of the compound, possibly due to oxidation and polymerization, is clearly demonstrated by thin-layer chromatography when small quantities of the compound are spread on large surfaces of silica gel and exposed to air and light.
